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Abstract
Objective: Mesenchymal stromal cells (MSCs) play immunomodulatory role in various autoimmune diseases. Previous
pre-clinical and clinical studies have shown that MSCs could be a therapeutic modality for psoriasis. However, the
mechanisms of treatment and its possible side effects are under investigation. In this study, the safety and probable
efficacy of injecting allogeneic adipose-derived mesenchymal stromal cells (ADSCs) in psoriatic patients were evaluated.

Materials and Methods: In this phase | clinical study with six months of follow-up, total number of 1x108 or 3x108
cells/cm? of ADSCs were injected into the subcutaneous tissue of each plaque as a single dose in three males and two
females (3M/2F) with a mean age of 32.8 + 8.18. The primary outcome was safety. Changes in clinical and histological
indexes, the number of B and T lymphocytes in local and peripheral blood, and serum levels of inflammatory cytokines
were assessed. Paired t test was used to compare variables at two time points (baseline and six months after injection)
and repeated measures ANOVA test was utilized for variables at three time points in follow-up visits.

Results: No major adverse effects such as burning, pain, itching, or any systemic side effects were observed following
ADSCs injection, and the lesions showed slight to considerable improvement after injection. The mRNA expression
levels of pro-inflammatory factors were reduced in the dermis of the patients after injection. The increased expression
level of Foxp3 transcription factor in the patient blood samples suggested modulation of inflammation after ADMSCs
administration. Six months after the intervention, no major side effects were reported, but skin thickness, erythema, and
scaling of the plaques, as well as the PASI score, were decreased in majority of patients.

Conclusion: Our study suggested that ADSC injection could be considered as a safe and effective therapeutic
approach for psoriatic plaques (registration number: IRCT20080728001031N24).
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Introduction

Psoriasis is a chronic, immune-mediated, inflammatory
dermatologic disease, which can involve other organs
such as joints. The disease prevalence is 2% of the
world population and 0.2-0.7% of Asian people (1).
Erythematous scaling plaques are the characteristic
involvement of skin in this disease. Psoriasis may
be accompanied by diseases such as uveitis, Crohn’s
disease, celiac disease, non-alcoholic fatty liver disease
(NAFLD), and metabolic syndrome, which can also
result in cardiovascular disease and depression (2-5).
The molecular and cellular pathogenesis of the disease
have not been well understood, but it is proposed that
autoimmunity of T-cells, particularly Th17 cells, leads to

increased production of interleukin-17 (IL-17) and IL-22
(5, 6-8). These cytokines induce keratinocyte proliferation,
tumor necrosis factor-o (TNF-a) and interferon-y (IFN-y)
production, and consequent inflammation (9). In addition,
IL-17, IL-23, and IL-27 are detected in the serum, skin
lesions, and peripheral blood of psoriatic patients. as these
cytokines are in association with the pathogenesis of the
disease (10).

The treatment of choice for mild to moderate psoriasis
is a combination of glucocorticoids, vitamin D analogs,
and phototherapy, which are used topically. Moderate
to severe psoriasis often requires systemic treatment.
Numerous case reports and case series have suggested
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that tonsillectomy has a therapeutic effect on patients with
guttate psoriasis and plaque psoriasis (11).

In recent years, the development of various psoriasis
treatments has accelerated and resulted in using advanced
drugs like methotrexate (MTX), cyclosporine A, and
retinoids, which are traditionally considered as systemic
medications (11). However, these purposed drugs are
not ideal and have some limitations, such as decreased
potency over time, potentially serious side effects, and
poor clinical response in some patients. Also, many
patients with psoriasis do not respond to a systemic
therapy. Therefore, there is a need for innovative methods
to treat severe psoriasis (12).

Appling weighted gene co-expression network analysis
(WGCNA) on RNA-seq data from psoriasis patients has
identified several networks of coding and non-coding
genes associated with psoriasis and biological drug
treatments, including networks enriched for short-chain
fatty acid metabolism and olfactory receptor activity. It
is likely that non-coding genes play critical roles in the
regulation of pathways involved in the pathogenesis of
psoriasis (13).

Mesenchymal stromal cells (MSCs) are multipotent
stem cells found in tissues such as bone marrow, peripheral
blood, adipose tissue, synovia, placenta, umbilical cord
blood, Wharton’s jelly, decidua basalis, ligamentum
flavum, amniotic fluid, dental pulp, and breast milk. MSCs
are characterized according to minimal criteria announced
by the International Society for Cellular Therapy (ISCT)
(14). MSCs have an immunomodulatory effects on T
cells, dendritic cells, B cells, natural killer (NK) cells, and
macrophages (15, 16). Moreover, MSCs can modulate
neutrophil inflammatory activity by reducing neutrophilic
apoptosis (17).

Recently, much attention is paid to MSCs’ therapeutic
potentials, considering their immunomodulatory and
regenerative capabilities. Therefore, many studies have
proposed MSCs as a treatment choice for different
autoimmune diseases, e.g. psoriasis (18-22). In a study
conducted by De Jesus et al. (18), autologous MSCs were
infused intravenously at a dose of 0.5-3.1 million cells/kg
in two patients with psoriasis. Both patients demonstrated
a decrease in PASI after MSC infusion and neither one
showed serious adverse outcomes. Sah et al. (21) reported
that subcutaneous injection of allogeneic SOD3-transduced
MSC:s significantly prevented psoriasis development in IMQ-
induced mouse models. Furthermore, in a phase I/Ila single-
arm study conducted by Cheng et al. (23), seventeen psoriatic
patients underwent 1.5x10%kg infusion of human umbilical
cord-derived MSCs (UMSCs) four times. They concluded
that allogeneic UMSCT is safe and partially effective in
psoriasis patients, and the number of Tregs may be used as a
potential biomarker to predict the clinical efficacy of UMSCT.

In this study, we aimed to evaluate the safety and
probable efficacy of subcutaneous transplantation of
ADSCs for treating skin lesions in patients with psoriasis
plaques.
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Materials and Methods
Patients and study design

This study was a phase I, open-label clinical trial
designed to evaluate the safety and potential efficacy of
allogeneic ADSCs in patients with psoriasis plaque.

Three males and two females with a mean age of 32.8
+ 8.18 with persistent psoriatic plaques for more than six
months and resistance to conventional treatments were
enrolled in this study. Other eligibility criteria were age
>18, and psoriasis area and severity index (PASI) score
<12. Patients with recent lesions or any increase in the
size of previous lesions during the last six months, severe
chronic diseases, uncontrolled diabetes or hypertension,
history of any types of cancer, human immunodeficiency
virus (HIV), hepatitis B virus (HBV) or hepatitis C virus
(HCV) positive tests, active local or systemic infection,
immunosuppressive treatments in the past four weeks or
topical agents except emollients in the past two weeks,
and pregnant or lactating women were not eligible.

Two patients received 1x10°cells/cm?*and three patients
underwent subcutaneous injections of 3x10° cells/cm?
of allogeneic ADSCs in their psoriasis plaques using a
28 gauge needle. In both groups, after the first patients
received the cells, they were monitored for any adverse
events (AEs) for up to six months. If severe AEs did
not occur, the next participants in each group received
ADSCs and were followed for six months according to
the safety protocol. The participants were asked not to
apply topical steroids and tacrolimus, vitamin D derivates
or any other topical treatments except emollients.

All participants signed an informed consent before
participation in this trial. The study was approved by
the Ethics Committee of the Iran University of Medical
Sciences (IR.ACECR.ROYAN.REC.1394.1) and is
registered at www.irct.ir with registration number
IRCT2008072800103 1N24.

Adipose-derived stromal cells’ isolation, cultivation,
and identification

The adipose tissues were obtained from healthy
male donors who had consented to use their cells in
this study. Donors aged 20 years or above with a body
mass index of 25 to 29.9 kg/m?. Prior to collecting the
adipose tissue, the donors were screened for hepatitis
B and C viruses, human immunodeficiency virus,
human T-cell lymphotropic virus 1 and 2, Epstein-Barr
virus, cytomegalovirus, and parvovirus B19. Donors
underwent medical examinations and tests to confirm
their health status. Allogeneic adipose-derived MSCs
(Ad-MSCs) isolation, characterization, differentiation
potential, and preparation methods are provided as
supplementary data.

Adipose tissue-derived stromal cells injection

As mentioned above, 1x10°and 3x10° ADSCs/cm?diluted
in 3-5 ml normal saline was injected subcutaneously into the



psoriatic lesions of two and three patients, respectively.

Safety and tolerability assessment

The primary observation of our study was patients’
safety. We recorded all local AEs such as burning, pain,
itching, or any systemic side effects including fever, rash,
and loss of consciousness during follow-up visits based
on Common Terminology Criteria for AEs (CTCAE) (24).
Patients were visited every week during the first month,
and then 3, and six months after injection.

Clinical assessments

PASI score and the size of the injected psoriatic lesions
were measured before and six months after ADSCs
injection. Skin (epidermal and dermal) thickness was
also measured by ultrasonography at the same time
points (Samsung WS80A, Linear array transducer, 9-16
KHz). The severity of the disease from both the patient’s
and physician’s perspectives were documented at the
beginning of the study and six months after cell injection.
Interestingly, patients and our physicians reported
improvements in thickness, erythema, crust, and surface
appearance at 1, 3, and six months after the injections.

Histopathological assessments

The formalin-fixed skin specimens were paraffin-
embedded and related slides were prepared and stained by
hematoxylin and eosin (H&E). Staining of the T-cell subsets
was performed using the following polyclonal primary
antibodies: anti-CD3 antibody (ab5690, dilution 1:100,
Abcam, Cambridge, UK), anti-IL-17 antibody (sc-7927,
dilution 1:50, Santa Cruz, California, USA) and anti-Foxp3
antibody (ab4728, dilution 1:100, Abcam, Cambridge, UK).

Local and peripheral blood B and T lymphocytes

Sample collection and
mononuclear cells

storage of peripheral blood

Blood samples (3 ml) were acquired from the median
antecubital vein of each patient. Peripheral blood
mononuclear cells (PBMCs) were isolated using the Ficoll
density gradient centrifugation method from heparinized
blood. The viability of isolated PBMCs was assessed via
trypan blue exclusion assay. PBMCs were frozen in liquid
nitrogen and stored for six months.

Flow cytometry

The number of lymphocyte subsets was determined
by flow cytometry analysis. Cells were washed and
resuspended in phosphate-buffered saline (PBS). A total
number of 1x10° to 1x10° cells were added to each test
tube. Cells were first incubated with purified anti-CD3
(eBioscience, San Diego, CA, USA), Allophycocyanin
(APC)-conjugated anti-CD4 (BD Pharmingen, San Diego,
CA, USA), Phycoerythrin (PE)-conjugated anti-CD8
(Cyto Matin Gene, Isfahan, Iran), and PE-conjugated anti-
CD19 (eBioscience, San Diego, CA, USA) antibodies.
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Alexa Fluor 488 anti-human IgG conjugated was added as
a secondary antibody (Invitrogen, Carlsbad, CA, USA).
Live lymphocyte cells were gated, and the percentages of
CD3*CD4", CD3* CD8", and CD19" cells were measured.
Appropriate matched conjugated immunoglobulin G
antibodies were used as isotype controls. Three-color flow
cytometric analyses were acquired using FACS Calibur
and FlowJo version 7 software (Tree Star, Ashland, OR,
USA).

Assessment of inflammatory cytokines

A punch biopsy of the skin lesions (2 mm) was
collected from each patient before and after the treatment.
Total mRNA and DNA were extracted simultaneously
from the skin lesions using AllPrep DNA/RNA Mini Kit
(Qiagen, USA). The mRNA expression level of cytokines
including TNF-a, IL-10, IL-17, IL-22, IL-23, and Foxp3
was evaluated by quantitative real time polymerase
chain reaction (QRT-PCR). The 244t method was used
to determine relative gene expression levels. Primer
sequences are available in the supplementary file.

Statistical analysis

Data are presented as means =+ standard deviation (SD).
Paired t test was used to compare variables at two time
points (baseline and six months after cell injection) and
the repeated measures ANOVA test for variables at three
time points in follow up visits. A P<0.05 was considered
statistically significant. We used SPSS version 24 (IBM,
US) for statistical analysis.

Results
Characteristics of the patients

Five patients including three males and two females
with a mean age of 32.8 + 8.18 with psoriatic plaques
enrolled from 2018 to 2020. Two patients received 1x10°
cells/cm? and three were treated with 3x10° cells/cm? of
ADSCs.

All patients were complying and came back for follow-
up visits and none of them dropped out of the study. The
basic demographic and clinical characteristics of the
patients are listed in Table 1.

Patient No. 1 was a 25-year-old male with psoriasis for
19 years. The knees and elbows were the first involved
sites in his body. He had lesions on his scalp, face, ear,
elbows, hands, trunk, knees, legs, and ankles. No nail or
joint involvements were observed. He was not taking any
medications when entering the study, but he mentioned
using MTX and psoralen and long-wave ultraviolet
radiation (PUVA) therapy in the past. No family members
were diagnosed with psoriasis. Diabetes mellitus type 2
was reported in his father, uncle, and grandfather. His
grandfather also had a brain tumor, which the patient did
not have much information about. His right elbow lesion,
measured 2x4 cm?, was chosen for injection using 1x10°
cells/cm?.

Cell J, Vol 25, No 6, June 2023
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Table 1: Baseline characteristics of the patients

Patient number 1 2 3 4 5
Age (Y) 25 26 36 26 33
Sex M F M F M
BMI (kg/m?) 32.65 19.77 25.24 17.41 22.7
BSA (%) 14 6 8 1 6
PASI 8.9 4.7 52 0.7 24
Nail involvement - - Mild - -
Arthritis - - Mild - -
Other AD - - - - -

FH of psoriasis - + + + -

FH of AD + - - + -
Previous medications - Betamethasone, Clobetasol - - -
Treatment site Elbow Back Hand Retro auricular  Wrist
Duration (Y) 19 14 27 8 15
Primary lesion size (cm?) 8 4 20 12 25
Number of cells/cm? 1x10° 1x10° 3x10° 3x10° 3x10°

M; Male, F; Female, BMI; Body mass index, BSA; Body surface area, PASI; Psoriasis area and severity index, AD; Autoimmune disease, and FH; Family

history.

Patient No. 2 was a 26-year-old female with 14 years
of history of psoriasis, which started with scalp lesions as
its first presentation. She had forehead, ear, and posterior
auricular, abdomen, back, and leg lesions. She had no
nail, joint, or eye involvement and was under treatment
with betamethasone and clobetasol. Her sister was also
diagnosed with psoriasis. Her back lesion (2x2 cm?) was
selected as an injection site with 1x10° cells/cm?.

Patient No. 3 was a 36-year-old man with psoriasis for
27 years. He had constant limb involvement: both hands
and wrists, and both feet and ankles during the past 10
years. Mild arthritis in the toes and mild nail involvement
were observed. He had only used emollients for the past
two years but he mentioned using various treatments
such as vitamin D derivatives, topical corticosteroids,
methotrexate, cyclosporine, acitretin, etanercept, and
neotigazon prior to using emollients. A total number of
3x10° cells/cm? was injected into the dorsal side of his
right hand in one session. His lesion size was 2x3 cm?.

Patient No. 4 was a 26-year-old female with 8 years
history of psoriasis. Her father was suffering from the
same disease, and she mentioned a history of vitiligo in
her grandmother. Her involved areas were both posterior
auricular sites. She had no nail or joint involvement and was
not using any medications. She had been under treatment
with corticosteroids for four years before entering the study.
Injection of 3x10° cells/cm*> MSCs was performed in her
left post-auricular lesion measuring 2x6 cm?.

Patient No. 5 was a 33-year-old male with 15 years
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history of the disease. His palms, thighs, and soles were
involved and a history of using topical corticosteroids
was recorded before entering the study. He received
3x10% cells/cm? ADSCs in his left wrist lesion measured
about 2.5%4 cm?.

Safety and tolerability profile

AEs following ADSC injections are summarized in
Table 2. No severe AEs during the main course of the
study and the follow-up visits were reported. Patient
No. 1 mentioned mild burning on the day of injection,
which improved the day after. Patient No. 2 did not report
any AEs or discomfort after the injection. Patient No. 3
reported mild pain on the first day of injection, which
improved over several days. Patients No. 4 and 5 did
not mention any burning, pruritis, or any other AEs after
ADSC injection.

Clinical findings

The clinical outcomes of the study are mentioned
in Table 2. In summary, patient No. 1 reported mild
improvement in lesion erythema, scaling, and a decrease
in skin thickness. No changes in pruritus were reported.
Six months following the injection, PASI score decreased
from 8.9 to 7.3. From the patient and physician’s
points of view, there were mild improvements in lesion
severity. Using ultrasonography, the skin thickness of
the elbow was changed from 8 mm to 5 mm in patient
No. 1 (Fig.1A, B).
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Table 2: Safety and efficacy outcomes

Patient number PASI Skin thickness (mm) Lesion severity Severity Severity Adverse events
0-4) change change
(physician)  (patient)
(-2 to +2) (-2 to +2)
Before After6m  Before After6m  Before After 6 m Type Severity
1 8.9 7.3 8 5 3 3 -1 -1 Burning Mild
2 4.7 4.3 2.3 2.4 2 2 0 0 - -
3 4.7 43 2.1 1.7 3 2 -1 -1 Pain Mild
4 0.7 0.4 1.8 1.5 2 1 -1 -2 - -
5 2.4 1.8 33 2.6 3 2 -1 -1 - -

PASI; Psoriasis area and severity index.

A

Fig.1: Photographs of the right elbow of patient no.1 before and after cell therapy. A. Patient No. 1 with psoriatic plaques on his right elbow on the day of
adipose-derived mesenchymal stromal cell (ADSC) injection with treatment dosage of 1x10° cells/cm?. B. Patient No. 1 six months after ADSC injection in

right elbow, decreased erythema and scaling were observed.

Patient No. 2 did not have any noticeable changes in
the characteristics of the lesions. Skin thickness was
measured at 2.3 mm and 2.4 mm, before and six months
after injection, respectively. The PASI score for patient
No. 3 was changed from 4.7 to 4.3 after cell injection.
Six months following cell transfer, erythema, scaling,
and thickness of the injected sites were significantly
decreased. Skin thickness was decreased from 2.1 mm to
1.7 mm, which was similar to the healthy part of his hand.
This patient reported better quality of life. (Fig.2A, B).

Patient No. 4 reported an obvious reduction in lesion
scaling, thickness, and erythema. She did not report any
reactions after cell injection. Skin thickness lessening
was confirmed by ultrasonogram (1.8 mm to 1.5 mm).
Our physician reported one-point improvement in lesion
severity after six months. Her PASI scores were 0.7 before
and 0.4 six months after the injection.

Patient No. 5 received 3x10° cells/cm?* ADSCs in his
wrist lesion and the PASI score was reduced from 2.4 to
1.8. Skin thickness noticeably decreased from 3.3 mm to

2.6 mm. This patient and the physician reported a one-
point improvement in lesion severity.

All three patients who underwent 3x10° cells/cm?
ADSCs injection showed a remarkable decrease
in disease severity six months after the injections,
which was confirmed by the physician. Moreover,
these patients reported better quality of life after the
treatment. No notable changes in disease severity were
observed in the two patients who received 1x10° cells/
cm?. Comparing these two groups, a higher number of
injected cells resulted in a better improvement in the
disease course.

Population of B and T lymphocytes

Any changes in the populations of T and B lymphocytes
after the administration of ADSCs were measured in
blood samples. Flow cytometry analysis showed that the
number of B and T lymphocytes were not significantly
different before and after the injections (Fig.3).

Cell J, Vol 25, No 6, June 2023
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A

Fig.2: Photographs of the left hand of patient No.3 before and after cell therapy. A. Patient No. 3 on the day of adipose-derived mesenchymal stromal cell
(ADSC) injection with dosage of 3x10° cell/cm? in the dorsal side of left hand. B. Patient No. 3 after ADSC injection in the left hand, decreased erythema
and scaling were observed.

A B
& 100 - I 60-
L) Q.
- o .
9 90 s 50 -1 5
c c
@ @
o o :
g 807 & 40 3
o o
c c
o K- 1
@ 701 @ 304
e e
=y =y
w  eo0 T T T T w20 T T T T
Q& Q
A ® " oY N S o*
Post-transplantaion time Post-transplantaion time
Cc D

o 40- =
] e
e a0l o Wy
> 304 , [ 3
s 2 =]
c 8 304
Q c
4 @
g 209 . (<
o o 204
£ s o—— T —eo— a
2 5 :
2 10+ s 104 I
- 7]
o e <
o S

0 T T T T 5 0 4" < 6: 6‘.

N
N S % » > ©
Post-transplantaion time Post-transplantaion time

Fig.3: Changes in population of T and B lymphocytes in blood of patients after ADSCs injection. A. Representative the frequency of T cell population, B.
The frequency of T helper cell population, C. The frequency of T cytotoxic cell population, and D. The frequency of B cell population within lymphocytes.
Data are analyzed using repeated measure ANOVA and represented as mean + SD (P<0.05). ADSCs; Adipose-derived mesenchymal stromal cells, w; Week,
and m; Month.

368



Histological findings

Measurements of epidermal thickness showed
significant differences in some patients before
and six months into the study. However, skin
immunohistochemistry for IL-17 showed that the
inflammation in the dermis decreased following the
injection and the number of FOXP3* cells in the second
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group of patients increased, indicating the modulation
of inflammation after cell injections (Fig.4).

Inflammatory cytokines profile

Quantification of mMRNA expression of pro-inflammatory
factors in the dermis of the patients after injection showed
a decreasing trend in all cytokines (Fig.5).
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Discussion

The treatment strategy for psoriasis is adjusted based
on the severity of the disease. Topical calcineurin
inhibitors such as tacrolimus, topical corticosteroids,
topical keratolytics, vitamin D3 analogs, and
phototherapy are usually considered as the treatment
of choice for mild psoriasis. These medications
seem to have slight effects on moderate-to-severe
psoriasis and have concomitant side effects after
long-term application. Biologic agents such as anti-
TNF-a, 1L-17, IL-23, and oral systemic medications
such as acitretin, cyclosporine, and methotrexate,
which are the most common cytotoxic drugs used in
psoriasis, are mainly prescribed for moderate to severe
psoriasis. These drugs come along with side effects
like teratogenicity, leukopenia, and hepatotoxicity (24,
25). New monoclonal antibodies are expensive and not
completely safe, as the risk of opportunistic infections
is considerable following their administration (26).
Moreover, these conventional therapies are used to
control symptoms and do not instate long-term and
effective treatment for psoriasis. Therefore, it is crucial
to find safe and effective alternative therapies.

Chen et al. (27) studied MSC injection on imiquimod-
induced psoriatic lesions in mice. Before injection, they
observed up-regulation of proinflammatory cytokines
(IL-1B, IL-6, IL-17, and IL-23) in psoriasis, whereas
the anti-inflammatory cytokine, IL-10, was decreased.
MSC injection into the psoriatic plaques corrected this
imbalance. The expression of proinflammatory cytokines
was decreased and IL-10 was significantly increased
in MSC-treated mice compared to the control group.
Furthermore, I1L-17, IL-23, and IFN-y were notably
diminished.

In an experimental study by Lee et al. (19), human
umbilical cord blood-derived MSCs (UMSCs) were
injected subcutaneously in psoriatic lesions induced by
topical imiquimod or IL-23 injection in mouse models.
The results showed a decrease in Th17. It was concluded
that MSC injection inhibits CD4* T cell activation both
directly and indirectly by regulating activation of dendritic
cells.

In a study conducted in 2020, 3x10%kg allogeneic
gingival tissue-derived MSC were injected into a psoriasis
plaque in five sessions in a young male with severe
psoriasis. The patient had not responded to other previous
treatments, but after five consecutive injections, he was
psoriasis-free for three years (28).

In a study by Cheng et al. (23), UMSCs were
intravenously injected into 17 psoriasis patients in two
different stages. In the first stage, 18 patients received
a single dose of 1.5x10%kg cells every two weeks for
a total of four times, where 17 patients completed the
first stage. In the second stage, 12 of the 13 enrolled
patients were divided into four groups of escalating
doses (1.5, 2.0, 2.5, 3.0x10%kg). Groups under 1.5
and 2x10%kg received injections every two weeks,
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and the remaining were infused every 30 days, four
times. The outcomes of the study were evaluated by
PASI and Physician Global Assessment (PGA) scores.
Eight out of 17 patients (41.7%) under this two-
staged treatment showed at least 40% improvement.
A significant decrease was observed in the number
of CD4" TCM (central memory) cells, Treg cells, and
Treg/Th17 ratio in the response group, compared to
the no-response group. Also, the levels of Treg cells
were significantly increased after UMSC injection.
Based on these results, besides the considerable post-
injection decrease in the number of CD4" naive T cells
and Th17 cells, Cheng et al. (23) suggest that MSCs
play their immunomodulatory role by inducing the
differentiation of naive T cells to effector and memory
T cells. Furthermore, no severe AEs were reported
following the cell injections.

In our study, local injections of MSCs were safe in all
patients. Four out of five patients slightly responded to
MSC therapy regarding the PASI scoring assessment.
Measurement of proinflammatory cytokines suchasIL-17,
IL-22, 1L-23, and TNF-a 6 months after MSC injections,
showed down regulation of the cytokines, which was in
accordance with previous studies. No significant changes
in the number of blood B and T cells were detected.
Biopsies of psoriatic plaques before and after the trial did
not show a decline in the T cell population; however, Th-
17 reduction was observed after treatment. Also, the Treg
cell population increased six months after MSC injection,
while we observed a reduced mRNA expression level
of Foxp3, a master marker of Tregs. Considering all the
changes during the study, it seems that MSC therapy
modified the pathogenesis of the disease. Injection of
higher numbers of MSCs resulted in noticeable changes
in patients.

Conclusion

The injection of MSCs into psoriasis lesions is
potentially a safe and efficient therapy for patients with
psoriasis. Further studies with larger sample sizes will
need to be conducted to find the best dosage, method,
and injection frequency and detect probable adverse
reactions. Evaluation of the efficacy outcome after
multiple injections is highly recommended.
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